Abstract-This paper presents the results of a field experiment on online examinations facilitated by collaboration support systems. In particular, it examines collaborative learning and virtual teams through online examinations as an assessment procedure, compared to traditional examinations. Assessment is increasingly regarded as an important part of the learning process. Applying constructivism and collaborative-learning theories, the collaborative examination process features students' active participation in various phases of the exam process through small group activities online. A 1 × 3 field experiment evaluated the collaborative online exam compared with the traditional in-class exam, and the participatory exam, where students participated in the online exam processes without groups. Data analysis using results from 485 students indicates that collaborative examinations significantly enhance interactions and the sense of an online learning community and result in significantly higher levels of perceived learning.
I. INTRODUCTION
A S COMPUTER networks and virtual teams proliferate, learning and knowledge sharing in the online environment become increasingly important. Yet, while collaborative learning in virtual classrooms [1] and asynchronous learning networks (ALNs) (see http://www.ALNResearch.org) have become widespread, traditional exams still dominate. Instructors control the exam process by designing questions and grading and administering exams; distance-learning students often have to travel to exam centers or take proctored exams.
Students should not only be evaluated but learn through assessment. With the total-quality movement and its adoption to education [2] , [3] , assessment has evolved from providing an accounting of students' learning to being increasingly regarded as an important part of the learning process [4] . The traditional instructor-controlled exam reflects the objectivist learning model [5] , which regards learning as the uncritical transfer of objective knowledge from instructor to students. New assessment approaches based on constructivism theory [6] , [7] propose that learners actually construct knowledge. For example, learner-centered assessment [8] and classroom assessment [9] shift the attention from instructors and teaching to students and learning through assessment. Actively engaging students in the entire exam process as online collaborative groups increases perceived learning and the sense of community.
Collaborative learning is a learner-centered and teamoriented approach that is based on constructivism and social learning theories [10] and assumes that learning emerges as learners interact with each other. Studies have shown the superiority of collaborative learning in both face-to-face settings and ALNs using group support systems (GSSs) [11] - [13] and in knowledge management in distributed teams (e.g., [14] ).
Despite the collaborative-learning paradigm that dominates ALNs, only a few studies have been conducted to incorporate student active participation and collaboration into assessment processes online. With the use of GSSs, student participation and collaboration have been integrated into specific phases of the collaborative assessment, such as collaborative development of the grading scheme [15] , question composition [16] , collaborative question answering [17] , and peer and self-grading [18] - [20] . One study that features student active participation in various phases of the exam was conducted at an American university [21] - [24] . The online exam was adopted in a graduate-level course for five semesters, where students designed essay-type exam questions, answered questions designed by peers, and graded answers to the questions they authored. The exams were conducted over a 3-4-week period using asynchronous conferencing systems. Student surveys revealed overall favorable attitudes toward the online exam process, including learning effects and high student satisfaction.
While initial studies revealed positive results through the students' active participation in the online exam process, the students' involvement in the exam was individual (termed "participatory exam" in this paper). To further incorporate constructivism and collaborative-learning theories, a "collaborative exam," which features students' participation in various phases of the exam process through small group activities online, was designed. Will small group online exam activities further enhance student interaction, learning, and satisfaction? The remainder of this paper answers this question by presenting the research model, study design, and experiment results. 
II. RESEARCH FRAMEWORK AND HYPOTHESES
This paper adopts a research framework based on the Online Interaction Learning Model developed by Hiltz, BenbunanFich, and Harasim [25] . Fig. 1 shows the research framework, which is a three-tier input-process-output model.
A. Exam Mode
The independent variable consists of three exam modes, namely: 1) the traditional exam; 2) the participatory exam; and 3) the collaborative exam. Fig. 2 compares and contrasts the three exam processes as they were conducted in this experiment.
The participatory exam and the collaborative exam both conduct exams online. Their differences lie in question design and grading. While students in the participatory exam perform these steps individually, students in the collaborative exam first participate individually (i.e., individually design questions and grades). Then, the group (three to five students) as a whole discusses, improves, and reaches a consensus on the questions and grades. Typically, essay-type questions are designed and answered by students.
After posting and before answering the questions, students in the online exams are given a couple of days to review all the questions posted online. During the review phase, the instructor reviews and revises the questions to ensure the quality of all the questions and then assigns questions to students. Throughout the online exam process, students in the online exams can read others' postings online. To make the three exam modes as comparable as possible, students in the traditional exam are also given a few days to review sample questions posted by the instructor online.
B. Social Engagement, Perceived Learning, and Satisfaction
Previous studies indicate that the extent of students' perceptions of their experiences in ALNs as actively involving, socially rich, and collaborative mediates the learning outcomes. Based on previous studies, this paper uses students' adoption of "social engagement" as the mediating variable, which is defined as the extent of the students' active involvement in learning from other students through the exam studying process, and the sense of forming a learning community through the exam process. The high adoption of social engagement in the exam studying process is reflected in a number of strategies a student uses when studying, such as getting to know other students better through the exam process and acknowledging learning from others. The dependent variables are students' "perceived learning" and "satisfaction." Perceived-learning measures based on Bloom's taxonomy [26] range from lower levels such as understanding materials to higher levels such as solving problems, comparing and discriminating ideas, and making predictions.
C. Hypotheses
Based on collaborative-learning theories and previous studies on online examinations [21] - [23] , it was hypothesized that students in the collaborative exam would adopt higher levels of social engagement in the exam studying process and would have higher perceptions of the exam (H1), that students' perceived learning would be positively related to satisfaction (H2), and that social engagement would mediate students' perceptions of the exams (H3). The hypotheses (with corresponding numbers on the research model) are hereby presented.
H1.1 Students taking the collaborative examination will
have higher social engagement in the exam studying process than students taking the traditional exam (H1.1.1) or the participatory exam (H1.1.2). 
2). H2
Students' perceived learning with the exam will be positively related to students' satisfaction. H3.1 The correlation between students' level of social engagement in the exam studying process and students' perceived learning will be higher in the collaborative exam than the traditional exam. H3.2 The correlation between students' level of social engagement in the exam studying process and students' satisfaction with the exam will be higher in the collaborative exam than that in the traditional exam.
III. RESEARCH DESIGN

A. Subjects
To investigate the research questions, a 1 × 3 field experiment was designed and conducted in the spring, summer, and fall semesters of 2004 at an American university. A total of 22 course sections at the undergraduate and graduate levels participated in the experiment. Ideally, students from each course section would be randomly assigned to each of the exam modes. Given that the experiments were conducted in real field settings (i.e., real classes), total randomization in subject assignment was not feasible. The students' reaction to different exams in the same section and the instructors' workload were major concerns. Considering these issues, entire sections were assigned to one exam mode, and a balancing technique was used to assign sections with similar characteristics to different exam modes in order to counterbalance any preexisting differences among students. In addition, data on the subjects' characteristics and learning predispositions were collected using preexam surveys, and the results were analyzed to examine any significant preexisting differences among students in different exam modes. Table I shows the number of subjects in each condition and the high response ratio. Extra credit toward the exam grade provided incentive to complete the surveys.
B. Procedures
Detailed exam instructions including question design and answer grading criteria were provided to the students before the exam. For this paper, the entire process took about 2.5 weeks online using WebBoard and WebCT, and the process was anonymous using pen names. Students in the traditional exam condition took the exam in class or through proctors in remote sites in distance-learning courses. The instructor provided the questions and graded the students' answers, and the students answered the questions. With the instructor's permission, course notes, books, or other references were allowed in the traditional exam. Grading criteria and guidelines that are equivalent to those of the collaborative exam were provided to the students before the exam. Questions of similar types (e.g., essay) were asked in matching course sections in different exam modes whenever possible.
Students in all three conditions filled out a preexam survey regarding their learning predispositions to measure the preexisting differences before the exam, as previously discussed. Shortly following the exam, students were asked to complete a postexam survey. The postexam questionnaire has many of the same questions for the three conditions to allow comparison. The questionnaires adapted items that have been validated [27] , [28] and taken from previous studies on the collaborative exam [22] , [23] with revisions and additions. The questions used are shown in the results section of this paper.
C. Collaboration Support Systems Used
WebBoard and WebCT were the asynchronous conferencing systems used to facilitate the three exams for this paper. Both systems have a threaded-discussion-forum component and are similar in terms of the interface and functionalities. The online exams were conducted mainly using the discussion-forum component on these two systems.
To best facilitate the exam processes, three types of exam conferences with different configurations and purposes were created. First, an exam announcements conference was created as a public conference for the instructor to post exam announcements, instructions, and in the case of the traditional exam, sample questions for students to review. The exam announcements conference was created in all three exam modes. Second, an online exam main conference was created as a public conference for students in the two online exam modes to post exam questions, answers, and grades. The online exam main conference was configured as anonymous to allow students to post messages anonymously using the question IDs they were assigned with. Third, an online exam private group conference was created as the private conference for each exam group in the collaborative exam. Here, group members discussed questions and grading during the question design phase and grading phase before posting their results in the online exam main conference. As an example, Fig. 3 shows a screenshot of the conferences on WebCT for the online collaborative exam.
Students in the online exams were instructed to post questions anonymously using the question IDs assigned to them as the "title" of their message in the online exam main conference. Answers and grades were to be posted as replies to the corresponding questions and answers. Similarly, the instructor was asked to post revised questions and answer grades as replies to the corresponding questions and answers. In the end, each question and the corresponding answer, student grade, instructor grade, dispute, and dispute resolution should appear as one thread. Fig. 4 shows an example of the online exam conference at the end of the collaborative exam process on WebCT. The threaded message structure at the end of the exam includes a message for each of the following: question, revised question (optional), answer, answer grading, final answer grading, dispute (optional), and resolution (optional).
While the focus of this paper is on comparing the three exam modes, it is observed that the use of computer collaboration systems not only streamlined the exam process but also enhanced students' learning. For example, the main exam conferences were set up to allow anonymous postings using question IDs. By posting the answer, grading, and grading dispute as replies to the original question message, each question has its own organized thread of discussion that is automatically displayed at the end of the exam process. Students can also read each other's postings throughout the exam process. As many students mentioned in the postexam interviews, this allowed them to learn from each other and to further their understanding of the course materials. In addition, the private conferences used in the collaborative online exam allowed group members to share ideas, reflect on others' ideas, and collaborate whenever and wherever they need to. These observations are consistent with previous studies on computer-mediated collaborative learning [11] , [13] , [29] , [30] , which suggest that collaborative systems increase student involvement with the course materials and each other, promote problem solving and critical thinking skills, encourage higher levels of critical thinking, and reduce rote memorization.
IV. FINDINGS
The raw data were analyzed using the Statistical Package for the Social Sciences (SPSS). This section first presents the factor analysis and normalization test results, followed by item-level response analysis, and finally, hypothesis testing outcomes.
A. Factor Analysis and Reliability of Scales
Through principle component factor analysis with promax rotation, the following factors were extracted from the postexam survey results, which correspond to the constructs in the research model: As shown, the reliability analysis of the factors suggests that the factors are highly reliable, with values of Cronbach's α all above the 0.8 level. The mean scores were calculated for all the factors, and the data were tested for normal distribution. Social engagement and student satisfaction were normally distributed. While perceived learning was not normally distributed initially, data transformation was conducted by squaring the mean score (i.e., mean score × mean score), which successfully normalized the perceived-learning variable. The untransformed perceivedlearning score is used in univariate descriptive analysis (Section IV-B), and the transformed mean score is used in hypothesis testing (Section IV-C).
Before presenting the results from the postexam survey, it is necessary to point out that analysis using the preexam survey data shows that there is no significant difference among the students in the three exam modes before the exam, in terms of their learning predispositions.
B. Univariate Analysis
This section presents key descriptive results from the postexam survey on the individual-question-item level.
Social Engagement: Table II provides the results of the four items measuring the social engagement construct. In all four items, students in the collaborative online exam had the noticeably highest level of social engagement, including getting to know other students through the exam process (T = 3.45, P = 2.98, and C = 4.49), perceiving the exam as a group process (T = 2.73, P = 2.46, and C = 4.17), forming a learning community through the exam studying process (T = 3.57, P = 3.84, and C = 4.51), and enhancing understanding of course materials by interacting with other students (T = 3.80, P = 3.81, and C = 4.46). Results suggest that students in the TABLE II  ITEMS MEASURING SOCIAL ENGAGEMENT collaborative exam had the highest adoption of social engagement in exam study. Interestingly, it is also noticeable that the level of social engagement in the participatory exam was lower than or as low as that in the traditional exam on most items. This suggests that without the small group activities, the level of social engagement in the online environment is as low as or even lower than that in the traditional settings.
Student Perceived Learning: Table III provides the results for the 12 items of the perceived-learning construct. In ten out of the 12 items, students in the collaborative exam reported the highest level of learning among the three. For the other two items, the perceptions of students in the participatory exam were the highest. For example, students in the collaborative exam reported the highest level of improvement in their knowledge of the course concepts, methods, and theories (T = 4.75, P = 5.18, and C = 5.24), and their understanding of the course materials (T = 4.77, P = 4.79, and C = 4.89). They also reported enhancement in skills such as using knowledge in new situations (T = 4.71, P = 4.91, and C = 4.97), solving problems (T = 4.57, P = 4.84, and C = 4.90), recognizing patterns (T = 4.09, P = 4.03, and C = 4.13), making generalizations and predictions (T = 4.51, P = 4.66, and C = 4.86), comparing and discriminating ideas (T = 4.42, P = 4.56, and C = 4.68), and making judgment and assessment of the quality of ideas and arguments (T = 4.46, P = 4.78, and C = 4.91). In addition, students in the collaborative exam reported the highest   TABLE III  ITEMS MEASURING PERCEIVED LEARNING TABLE III  (Continued.) Student Satisfaction: Table IV presents the results of the four items included in the satisfaction construct. In terms of time frame, students in the traditional exam had the highest perception of the exam being conducted in a comfortable time frame (T = 5.28, P = 4.47, and C = 4.81). This corresponds to the students' answers to the open-ended questions, where the two-week time frame of the online exam was reported as too long compared with the couple of hours typically spent in a traditional exam. Students in the online exams had slightly lower levels of pressure compared with the traditional exam (reversed score: T = 4.27, P = 4.32, and C = 4.41), and they reported more enjoyment with the exam process (T = 4.09, P = 4.37, and C = 4.43). There was no noticeable difference in terms of the preference of recommending the exam process to be used in the future (T = 4.64, P = 4.68, and C = 4.64). Students commented in the open-ended questions that although they enjoyed the easy access to resources and less pressure with the online exams, the lengthy exam timeline and the multiple deadlines were some main issues they had to overcome, which affected their recommendation for the process to be used in the future.
C. Hypothesis Testing
To test the hypotheses, the mean scores were calculated for all the factors, and the transformed mean score (mean square) was used for perceived learning in the following tests. To   TABLE IV  ITEMS MEASURING SATISFACTION   TABLE V  OVERALL COMPARISON-ANOVA TEST compare the differences among the three exam modes and to test the hypothesis, a one-way analysis of variance (ANOVA) test was conducted. Table V shows the results.
Significant differences in social engagement (p < .01) and perceived learning (p < .05) were found among the three exam modes. Post hoc analysis reveals that in terms of social engagement, students in the collaborative exam were significantly more engaged than students in the traditional (p < .01) and the participatory exams (p < .01). In terms of perceived learning, students in the collaborative exam reported significantly higher perceptions of learning than those in the traditional exam (p < .05). Therefore, under H1.1, both H1. To test hypothesis two, correlation analysis using Pearson's r was conducted for perceived learning and satisfaction. The result shows that the two constructs are significantly correlated at the r = .617 level. Therefore, H2 is supported (r = .617, p < .01).
The mediating effect of social engagement on students' perceptions of the exam was explored via the differences in the correlation between perceived learning and social engagement in the traditional and the collaborative exam modes. To do so, the correlation between perceived learning and social engagement was calculated for the two exam modes, respectively. As the results show in Table VI , the correlation is higher in the collaborative exam than in the traditional exam. Therefore, H3.1 is supported.
Similarly, to explore the differences in the correlation between satisfaction and social engagement in the traditional and the collaborative exam modes, the correlation between satisfaction and social engagement was calculated for the two exam modes, respectively. As the results show in Table VII , the correlation is higher in the collaborative exam than in the traditional exam. Therefore, H3.2 is supported.
The results are summarized in Fig. 5 , which is the research model in Fig. 1 but with results. The numbers beside the lines are correlation coefficient Pearson's r. Significant differences found among the exam modes are highlighted with bold box outlines.
V. CONCLUSION
A literature review suggests that interaction and higher order learning are keys to effective online learning [31] . Regarding interaction, this paper has shown that incorporating small group activities into the online learning process can significantly increase interaction among students and enhance their sense of an online learning community. Significant differences in the level of social engagement, which is defined as the extent of students' active involvement in learning from other students in exam studying, and the sense of forming a learning community were found between the collaborative exam and the two other exam modes. Results show that the collaborative online exam, which incorporated small group activities, resulted in significantly higher levels of interaction among students, which enhanced their understanding of course materials. Students got to know other students better through the exam process, perceived the exam as a group process, and formed a sense of a learning community. In contrast, the participatory online exam, which did not incorporate small group activities, resulted in the same low level of social engagement as that in the traditional exam. This finding indicates that without incorporating small group activities into the online learning process, the level of interaction and the sense of a learning community are as low as those in traditional exam processes.
Regarding higher order learning, this paper demonstrates that significant differences exist between the collaborative exam and the traditional exam regarding perceived learning, based on Bloom's taxonomy, which measures learning from lower levels such as understanding the materials to higher levels such as solving problems and making generalizations. This paper shows that through active involvement and small group activity (creating questions, peer assessment, intense discussion, and coordinated activities), students in the collaborative exam reported significantly higher perceptions of learning than students in the traditional exam, including enhancement of skills in using knowledge in new situations, solving problems, recognizing patterns, making generalizations and predictions, and making judgments, and assessing the quality of arguments. Thus, the results indicate that the use of collaborative examination processes in online courses can significantly improve student learning.
While this paper reported an increase in perceived learning, future research should add measures of "objective" learning to the measures of subjective learning in order to further validate this conclusion. Another area that requires further exploration is the long-term effect of the collaborative examination on students' learning and interaction online. While the effect of the collaborative exam was measured only once after the exam in this paper, there were some indications that the exam may have long-term effects. For example, students who took the online exam more than once reported more familiarity with the exam process and enjoyed the exam process more. In addition, other factors that may have confounded the results such as length of exams need to be further examined. Given that the online exams in this paper take about two weeks to complete, the issue of streamlining the process to further improve its efficiency needs to be studied. Further studies should be conducted to investigate these issues in collaborative examinations and collaborative learning, which are prominent in investigating learning and knowledge sharing in an online environment.
